Abstract. Vibration analysis is a powerful and widely used tool in industry for monitoring rotating machinery. Despite the possibilities offered by the measuring equipment of vibration through technological progress, companies which practice Vibration Based Analysis (VBM) show performance below expectations in terms of machine availability. Our duty then is to develop an approach for the implementation of the VBM taking into consideration the keys to success and avoiding the causes of failure. We carried out an analysis of 30 years of practice of the VBM within a large Moroccan company in the chemical industry, through a collective approach called DCA (in French applied short diagnosis) and a survey among national and international experts in the field of the VBM. The synthesis of these studies has led us to propose a comprehensive and structured approach that comes in 5 phases: inventory, feasibility studies, preparation phase, implementation phase, evaluation and improvement phase.
Introduction
Vibration analysis is a technique of condition based maintenance particularly suitable for rotating machines. Its purpose is to monitor the operating status of these machines by analyzing vibration signals in some measurement points previously defined. Nevertheless, this technique is within the domain of specialists given the specific systems to be monitored with their probable defects, their requirements of cost and safety, diversity of the means of measuring and processing, as well as the difficulty of diagnosis of measured spectra. Despite the technological development of measurement tools and vibration analysis in recent years, there is a real gap between potentials of investigation and monitoring offered by these tools and most of the practices in the field. In addition, diagnosis and data interpretation of the vibration measurement is difficult to perform correctly. It all depends on the organization, experience and competence to properly perform the analysis [1] . To successfully establish an effective monitoring policy, a rigorous approach is then necessary to overcome these difficulties and avoid the causes of failure of its implementation [2] . Programs and procedures for implementation proposed by researchers address specific facilities and generally focus on the technical aspects [3] . Therefore, these procedures do not have a generic character making it possible to widespread their implementation. Many implemented programs relying on condition based maintenance using vibration analysis, produce results considered insufficient and below expectations. These programs of implementation merely face an organizational, logistical and cultural problem [4, 5] . Even more that there are no standards addressing the implementation of condition based maintenance using vibration analysis. a Corresponding author: e semma@yahoo.fr Amongst the maintenance policies whose implementation have been widely tackled in scientific researches and whose implantation was successful in various industries, we can mention the TPM (Total Productive Maintenance) [6] [7] [8] [9] [10] [11] [12] and RCM (Reliability centered Maintenance) [13] [14] [15] on the other side research on the implementation of condition-based maintenance is far less abundant.
Bengtsson [16] proposed an implantation approach of condition-based maintenance in four successive phases, the feasibility study, the analysis phase, the implementation phase and the evaluation phase. The author focuses on a set of key success factors in the implementation process such as management support, training of staff, good communication between the different stakeholders and motivation. Contrariwise, the suggested approach does not take into consideration the specificities of techniques used in condition-based maintenance (vibration analysis, oil analysis, Infrared thermography...). For example, the complexity of vibration analysis makes setting it up difficult in relation to the monitoring of operating parameters of industrial processes as a tool for monitoring [5] .
Regarding the industrial case studies, few publications have addressed the managerial aspect either at the level of condition based maintenance programs or at the level of difficulties encountered in its implantation. Veldman [17] carried out an investigation within a Dutch industrial firm which practice condition-based maintenance. All these companies are taking a spontaneous approach toward condition-based maintenance focusing rather on the diagnosis based on the expertise of technicians. This is a reactive approach that proves to be sufficient when the reliability and availability demanded are easy to reach, but it can lead to crashes or unnecessary interventions. Furthermore, it is not clear how problems are identified and how decisions are made.
In addition, few studies have addressed the implementation of the Condition-based Maintenance using MATEC Web of Conferences vibration analysis. Courrech and Eshleman [18] propose a program to implement the VBM through eight successive steps focused on the technical aspect. However, this program disregards the managerial aspect that defines the actions of leadership by managers as well as the executives' commitment to the success of such maintenance. Boulenger and Pachaud [5] proposed an approach to implement the VBM into four phases: feasibility study, choices, starting the program and the practice of global monitoring. The approach neglects the organizational feasibility and does not emphasize on the study of the inventory prior to the feasibility study.
The objective of our study is to propose an approach to implement condition-based maintenance using Vibration Analysis dealing with different aspects: technical, operational, organizational and financial, which are necessary for the successful implantation of this type of maintenance. To develop a global approach taking into account the keys of success and avoiding the causes of failure, we conducted two complementary studies:
• An analysis of 30 years of practice of conditionbased maintenance using vibration analysis within a large Moroccan company in the field of chemical processing, via a collective approach called DCA (Short Autonomous Diagnostic) with stakeholders in the objective of identifying disabilities as well as key elements for a successful implantation of such maintenance policy.
• A survey has been conducted among national and international experts in the field of VBM for their views on the key factors for success as well as guidelines to follow to carry out a project to implant such a maintenance policy.
The synthesis of these studies allowed us to propose a global and structured approach that comes in 5 phases: inventory, feasibility studies, preparatory phase, setting up phase and evaluation and improvement phase. In contrast to approaches encountered in the research which begin with a feasibility study, our approach offers previously, through studies carried out, an additional phase that describes the current situation to make an observation on the existing machinery fleet performance and the competencies of the maintenance personnel. It also proposes to assess the maturity of the organization of maintenance function before starting a project to implement the VBM.
Analyses and evaluation of the VBM implementation in a large Moroccan chemical processing company
Our study focused on a large Moroccan chemical processing company which has been practicing VBM for 30 years. Despite its long experience in Vibration Analysis and commitment of maintenance personnel, the results obtained by the establishment of the VBM are far from desired goals. As a first step, we carried out an audit on the effectiveness of the VBM practice. We were able to detect a lack of organization in the monitoring and vibration diagnosis department. A quantitative assessment of the VBM program relevance during the years 2011 and 2012 helped us to record a total of 93% of mechanical failures that could be detected using vibration monitoring [19] .
To diagnose the failure of implementation of the VBM practice within the studied company, we adopted the DCA approach which allowed us to make well-detailed analyses to identify, with all stakeholders, disabilities and opportunities to better achieve the basic ground of the VBM implementation.
Presentation of the company studied
The company studied is composed of three chemical processing plants. Each one is characterized by complex industrial processes operating a fleet of machines consisting of turbines, turbo-generators, turbochargers, crushers, pumps, blowers, gear systems and other large sizes machines. In order to master the availability of its facilities, the company has opted for a policy of decentralized maintenance integrating different types of maintenance. Being aware of the VBM importance for monitoring these facilities, the company has been committed to this approach over the last thirty years by raising necessary funds to buy high technology devices, subcontract measurement, vibration diagnosis and supervision for an eventual transfer of expertise.
Presentation of the DCA approach
Result of a collaborative and collective work, tested in different contexts, the DCA has been proven in terms of efficiency. It allows actually identifying, with remarkable control of time, a rich vision upon which strategic decisions can be made. It is a unique combination of six analyzes transforming individual concerns at a given time into a real common reflection on the future [20] . Before applying this approach, it is essential to have the support of management and to make the right choice of participants. This choice should cover all stakeholders in a VBM project to clearly identify obstacles, causes, risks and ways to improve the practice of vibration analysis in the studied company. Thus we have formed a working group made of 5 executive officers, 3 officers for preparation and planning as well as 2 representatives from mining sites.
The findings are in each analysis, slightly different and complementary. Their combination allows qualifying, reflecting and articulating the contributions of one another in a more rich and varied manner than could a regular dialogue between these persons [20] .
Deploying the DCA approach

Collecting information
The first step in this process involves collecting of information from participants about their views on the current situation and the required future state of VBM within the company.
• given to participants vary in each round. Participants fill in their sticky notes transcribing their ideas on issues grouped in Table 1 .
• Collection 2: information about the required future situation of VBM: In the same manner, the second collection of information on sticky notes in six rounds allows us to imagine what we wish to achieve in three years in the field of the VBM (Table 2) . At each round, the vision is enriched by pillars and components to support the required developments.
After gathering information on the current status and the desired status, the second phase will be devoted to the analysis of these data in order to deepen the diagnosis of the current VBM situation.
Direct analysis of data
We now address the first layer of analysis of this collection of information that we call "Direct Analysis" layer. We first put together the sticky notes produced by all participants. We sort them by colour, that is to say, by type of information (green with green, yellow with yellow and so on). We therefore obtain the six groups presented in Fig. 1 . A first reading of sticky notes allows us to identify the themes under which we will organize the data collected. The seven themes generated are: Communication, Competence, Training, Material, Motivation, Organization, and Technique. Color by color, we will sort and put together the sticky notes covering the same theme. The direct synthesis of this analysis is presented in Fig. 2 . Having identified the obstacles and difficulties to handle, perspectives, areas for improvement and the tools for success, Fig. 2 shows that the themes implicated in the failure of the establishment of the VBM within the company studied are: Organization, Training and Competence of personnel. In particular, the percentages illustrated in Fig. 2 show that the organization is the cornerstone of the success or failure of the VBM.
Thematic analysis
This analysis is simply called "thematic" because It includes data that has the same theme, whatever is the color of the sticky note. The challenge is to establish the broad concerns of the moment and to identify the first areas of work for the future. The synthesis of this thematic analysis is presented in Fig. 3 .
In line with the previous analysis, thematic analysis confirms that the organization is by far the key element of the successful implementation of the VBM.
Analysis of the coverage of strengths and weaknesses
We now address the third layer of analysis of the information collected. We call this one "analysis of the coverage of strengths and weaknesses".
We would like to determine the level of coverage of "difficulties mentioned" by "proposed solutions" and vice versa. It is whether the group that defines problems as finding solutions to these problems. It's about knowing whether the group that identifies the problems can find solutions too. we will therefore bring all the sticky notes that show the difficulties experienced and see whether all the sticky notes, containing the solutions or ways of working will bring a response or not. The synthesis of this analysis is presented in Table 3 . Despite the number and variety of the problems mentioned, participants were also able to propose solutions. This analysis will allow us to identify the difficulties to overcome and to bring appropriate solutions during the development of the implementation approach of the VBM. 
Analysis of risks and opportunities (SWOT analysis)
The SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis tool widely used in many domains is used to analyze, diagnose and describe a state of existing situation.
For this analysis, we identified, together, all the possible "players, internal & external", "opportunities" and "threats" for the four themes implicated in the analysis thematic: Organization, Training, Competence and equipment. It is about accurately identifying the possible influence of environment on our implementation project of VBM by an analysis of opportunities and threats related to our context. The SWOT matrix (Fig. 4) summarizes all the threats and opportunities for our project.
In conclusion, this industrial case study, allowed us to identify elements of failure and success in the 07003-p.4 Define responsibilities and powers the facilities to conduct measurements establishment of the VBM. To enrich our study, with the aim to develop a structured and comprehensive approach of the implantation of VBM, we carried out a survey among national and international experts to identify key factors and important decisions to consider during such a project.
AVE2014
A survey among the experts in the field of VBM
To carry out this survey, we solicited 15 national and international experts in the field of VBM to request their opinions on key factors and important decisions necessary for a successful implementation of a VBM. The questions are formulated as follows:
-What are the key success factors of implementation of condition-based maintenance using vibration analysis? -What are the priority decisions to make to carry out an establishment of a condition-based maintenance using vibration analysis?
After collecting the responses, we proceeded to a count of views issued by our experts. We were able to identify 22 key factors and 9 priority decisions necessary for the successful implementation of the VBM. Then we classified the key factors (Table 5 ) and priority decisions (Table 6 ) by the number of respondents.
Synthesis of the survey:
We grouped the key factors and important decisions in chronological order of the phases of a process for implementing an VBM approach we plan to develop. The 5 proposed phases are: Study of inventory, Feasibility study, preparatory Phase, establishment Phase, Evaluation and Improvement Phase. Unlike the VBM different approaches proposed in the literature, respondents' emphasis was on the importance of the first phase about the inventory to make a finding of the existing performance of the fleet of machines and competence of maintenance staff. The survey also showed the importance of the "Evaluation & Improvement" phase for the establishment of an evaluation system at each stage of the process in a spirit of continuous improvement. phases, Fig. 5 , to assist manufacturers in their project of establishing the VBM.
Implementation approach of VBM
The Fig. 6 presents the synthesis of implantation of the proposed approach through flowchart.
Phase 1: Inventory
The first phase is to develop an inventory of existing situation aimed at collecting data on the history and performance of our machines and to establish a skills assessment of the maintenance staff. To do this, you must:
• Make a multi-criteria classification of rotating machines incorporating: the stop frequency, the downtimes, the cost of corrective maintenance and the impact of stopping the machine on production [21] .
• Establish a historic of failures due to defects vibration (unbalance, misalignment, rolling failure...) components concerned with vibration analysis (bearings, shaft coupling, reducers...).
• Build a matrix of competencies which includes the actors of the VBM implementation project and their skills.
The result of this phase is to provide the management with objective information on the state of the existing system and will thereafter ensure regular monitoring of the performance of the machinery fleet and development of staff skills.
Phase 2: Feasibility study
This phase it is about checking the feasibility of the VBM implementation on the technical, organizational and financial plan.
• Technical feasibility: For this it is essential to define the percentage of machines involved in vibration analysis, knowing the speed of rotation (for small speeds below 250 rpm, vibration analysis is difficult to handle) and assess the risks and access difficulties to measurement 07003-p.6 points. If vibration analysis is not feasible technically, we must think of other tools maintenance.
• Organizational Feasibility: Before starting the implementation project, we must first assess the maturity of the organization of maintenance function within the company. The audit remains a powerful tool for the evaluation [22] .
• Financial Feasibility: It is necessary to estimate the cost of monitoring and the cost of not monitoring (direct and indirect cost of breakdowns, equipments, training, scrap rates, loss of energy, and loss of customers...)
to assess the VBM program profitability. In case of no profitability, we must think of some other form of maintenance.
Phase 3: Preparatory phase
Following the feasibility study, management must start the project by establishing the technical organization, human and financial organization and establishing a timetable for implementation. The major orientations shall be adopted in this phase can be summarized in the following points:
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• Defining roles and responsibilities of all actors for each stage of the project.
• Choice of performance: Depending on the size of fleet of machines and internal competencies, the company can choose between internalization or subcontracting all or part of the monitoring and diagnosis. If the VBM is a recent activity in the company subcontracting of support is recommended to ensure a transfer of expertise.
• Selection of critical equipments to be monitored according to multi-criteria classification established in the first phase.
• Selection of monitoring parameters: monitoring indicators, location of sensors, the measurement interval and configuration of tracking software should be defined at this stage.
• Choice of equipment and monitoring mode: The vibration monitoring equipment is related to fleet of machines (rotation speeds, the kinematic chain, etc.).
For this reason, we should list for each machine, the sensors, the type of indicators for monitoring and diagnosis type (periodic or not). This determines, with the reliability required, the choice of the material.
• Engineering of training: it is here to exploit the skills matrix educated at the first phase to establish a training plan.
Phase 4: Setting up phase
After preparation, the setting up phase is followed by:
• The creation of records for machines that are needed to ensure proper monitoring of vibration. These machines folders should be considered as a basis for daily work and a reflex for any intervention of diagnosis and maintenance. Each file must contain at least: • The establishment of performance indicators to quantify the success of the program and justify the different investments. Thereafter, management must define consistent objectives with the maintenance policy and the overall company policy and engage in achieving the required results in terms of reliability and equipment availability.
• Defining an ongoing training plan for the development of project stakeholders' competencies.
• Failure analysis means exceeding threshold must be followed by a thorough diagnosis to identify the severity of the defect and the root causes of the delay. The diagnostic results must be a feedback.
Phase 5: Evaluation and improvement
This is a very important phase which consists in establishing evaluation indicators at each stage of the implantation process to ensure the proper execution of the project and have a reliable evaluation system that allows managers to be part of a continuous improvement approach. The assessment should cover all aspects, technical, organizational, financial and project stakeholders' competencies. The choice of these indicators will be done in such manner to make the evaluation as objective as possible.
Conclusions
In this study, we developed an approach to implementing condition-based maintenance using vibration analysis.
With the aim to propose a global and structured approach, we conducted two additional studies. First of all a very detailed analysis within a large company that has some thirty years of practice VBM by adopting the DCA approach in order to describe, analyze and diagnose VBM in this company. The analysis of the data collected from internal actors helped incriminate first poor organization in the failure of establishment of the VBM. As a result the SWOT analysis was used to synthesize, in the form of a matrix, threats and opportunities for the successful implementation of the VBM.
On the other hand, we carried out a survey among experts in the field of vibration analysis, this investigation allowed us to detect and prioritize the key factors and priority decisions to consider for a successful implantation project of the VBM.
These two studies have provided some answers to the problem that has initiated this research: What approach for successful establishment of the VBM within an industrial company? The approach we have adopted in our work then was to integrate practice and experience, across both studies, to develop a much focused approach on the technical side than other aspects, financial, organizational and managerial. The approach proposed is well articulated in five phases: inventory, feasibility studies, preparation phase, setting up phase and evaluation phase and improvement.
This research is in its very beginning and, following the studied company agreement we have just started the implementation of the various stages of the proposed approach. Our future work will focus on the technical aspects of implementation which aims to translate every step of our approach into a well detailed implementation process by developing procedures for setting up and indicators for measuring success guarantees of such a project. This is how we can concretely evaluate the performance of the proposed approach in order to demonstrate the relevance of the results and their reliability. Our ultimate goal is to 07003-p.8
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provide an operational industrial tool that can help in the successful implementation of the VBM.
